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(54) FUEL CELL AND MANUFACTURE THEREOF 
(57)Abstract 

PURPOSE: To further enhance layer the battery 
performance. 

CONSTITUTION: Electrode catalyst layer forming paste 
prepared by mixing a catalyst Carrying carbon in a 
polymer electrolyte solution and an organic solvent is 
dripped on the surface of a Teflon sheet, and a paste 
printed material with uniform thickness is formed with a 
doctor blade. When the paste printed material stands 
within a sealed container, the catalyst carrying carbon is 
precipitated and stacked on the Teflon sheet The 
polymer electrolyte solution is left as a supernatant 
liquid of the stacked layer. When a thin film is formed by 
drying, on the upper surface side of the film, the amount 
of the polymer electrolyte is increased and voids 
between the catalyst carrying carbon particles are made 
small, and on the bottom side of the film, the amount of 
the polymer electrolyte is decreased and the voids are 
made large. The film becomes an electrode catalyst layer 
formed by stacking the catalyst carrying carbon 

particles, and the side having the large amount of polymer electrolyte is brought into close 
contact with an electrolyte film 10, and the side having large voids is brought into close contact 
with a cathode 50. The conductivity of hydrogen ions on the interface with the electrolyte film 
is enhanced, and the diffusion permeability of a reaction gas on the interface with an electrode 
is enhanced. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The electrode catalyst bed which comes to carry out the laminating of the catalyst support is 
stuck on the solid-state polyelectrolyte film which has the permselectivity of a hydrogen ion. It is the 
fuel cell which this electrode catalyst bed was made to intervene and pinched this solid-state 
polyelectrolyte film with the electrode of the gaseous diffusion nature of a pair. Said electrode catalyst 
bed Come to carry out the laminating of the catalyst support covered with the polyelectrolyte which has 
the permselectivity of a hydrogen ion, and the opening between the catalyst support in said electrode 
catalyst bed The fUel cell characterized by being made larger than said solid-state polyelectrolyte film 
side at said electrode side by changing said amount of polyelectrolytes which covers said catalyst 
support along the direction of a laminating of said catalyst support. 

[Claim 2] The preparation process for which it is the manufacture approach of a fuel cell according to 
claim 1, and the mixed solution of said catalyst support and said polyelectrolyte solution, and an volatile 
organic solvent is prepared, The standing process which puts this mixed solution on the environment 
where extend in the shape of a thin film, and said volatile organic solvent does not volatilize, gently [ the 
time amount to which said catalyst support can sediment ], From the mixed solution extended in the 
shape of [ said ] a thin film, the film formation process which forms a thin film through desiccation 
processing, and the this formed thin film so that the film surface of the side which had become a top face 
at the time of said standing may join to the film surface of said solid-state polyelectrolyte film The 
manufacture approach of the fuel cell characterized by having the adhesion process stuck to said solid- 
state polyelectrolyte film. 

[Claim 3] The preparation process for which it is the manufacture approach of a fiiel cell according to 
claim 1, and the mixed solution of said catalyst support and said polyelectrolyte solution, and an volatile 
organic solvent is prepared, A thin film chemically-modified [ which puts this mixed solution into the 
tumbler which is put on the environment where said volatile organic solvent does not volatilize, and 
rotates, exerts a centrifijgal force on this intrusion rare **********^ extends this mixed solution in 
the shape of a thin film ] degree, From the mixed solution extended in the shape of [ said ] a thin film, 
the film formation process which forms a thin film through desiccation processing, and the this formed 
thin film so that the film surface of the side which had turned into the inside within the tumbler at the 
time of rotation of said tumbler may join to the film surface of said solid-state polyelectrolyte film The 
manufacture approach of the fiiel cell characterized by having the adhesion process stuck to said solid- 
state polyelectrolyte film. 

[Claim 4] It is the manufacture approach of a fiiel cell according to claim 2 or 3, and a preparation 
process according to claim 2 or 3 is a process for which the mixed solution of at least two or more 
catalyst support fi"om which particle size differs, said polyelectrolyte solution, and an volatile organic 
solvent is prepared. 

[Claim 5] The process for which said catalyst support and said polyelectrolyte solution, and an volatile 
organic solvent are mixed, and two or more mixed solutions with which it is the meuiufacture approach 
of a fiiel cell according to claim 1, and said amounts of polyelectrolytes to said catalyst support differ 
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are prepared, this ~ using two or more mixed solutions with the process which forms two or more thin 
fihns with which said amounts of polyelectrolytes to said catalyst support differ The manufacture 
approach of the fuel cell characterized by having the process which carries out the laminating of the two 
or more formed this thin films to order with many said amounts of polyelectrolytes to said catalyst 
support at said solid-state polyelectrolyte film. 

[Claim 6] The electrode catalyst bed which comes to carry out the laminating of the catalyst support, and 
the electrode of gaseous diffusion nature are stuck, and it is the fuel cell which it has a pair every. Said 
electrode catalyst bed Come to carry out the laminating of the catalyst support covered with the 
polyelectrolyte which has the permselectivity of a hydrogen ion, and the opening between the catalyst 
support in said electrode catalyst bed By changing said amount of polyelectrolytes which covers said 
catalyst support along the direction of a laminating of said catalyst support, it is the fuel cell which is 
enlarged by said electrode side and characterized by joining the electrode catalyst bed of said pair so that 
sides with the small opening between said catalyst support may stick. 

[Claim 7] It is the manufacture approach of a fuel cell according to claim 6. A preparation process 
according to claim 2 or 3, A standing process according to claim 2 or one process of the thin film 
chemically-modified [ according to claim 3 ] degrees, A film formation process according to claim 2 or 
3 and the process which carries out pair preparation of the this formed thin film, In the junction process 
which is made to stick the film surfaces of the side which had become a top face in said standing process 
at the time of standing about the thin film of the prepared this pair, and is joined The manufacture 
approach of the fuel cell characterized by having one junction process of the jimction processes which 
are made to stick the film surfaces of the side which had tumed into the inside within the tumbler in the 
thin film of the prepared this pair at the thin film chemically-modified [ said ] degree, and are joined. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bm/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdLjpo.g... 4/7/2004 



Page 1 of 18 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the fuel cell which the electrode catalyst bed was made 
to be placed between the solid-state polyelectrolyte film which has the permselectivity of a hydrogen ion 
by catalyst ********^ and was pinched with the electrode of the gaseous diffusion nature of a pair, and 
its manufacture approach. 
[0002] 

[Description of the Prior Art] In this kind of fuel cell, electrode reaction shown by the reaction formula 
described below according to that polarity in the two electrodes which pinch the solid-state 
polyelectrolyte film was advanced, and electrical energy has been obtained. 

[0003] Anode (hydrogen pole): H2 ->2H++2e- -- ** [0004] Cathode (oxygen pole): 2H++2e-+(l/2) 02 - 
>H20 ~ ** [0005] The reaction of formula ** is presented with the hydrogen ion which the hydrogen 
ion generated by the reaction of formula ** with the anode penetrated the solid-state polyelectrolyte film 
in the state of the hydration of Hh- (xH20) (diffusion), and penetrated the film with a cathode. The 
electrode reaction in this anode and cathode makes a reaction site the electrode catalyst bed stuck to the 
solid-state polyelectrolyte film, and advances by the interface of the catalyst and soUd-state 
polyelectrolyte film in the electrode catalyst bed concerned. 

[0006] If the interface of this catalyst and the solid-state polyelectrolyte film increases and interface 
formation equalizes, the reaction of above-mentioned ** and above-mentioned ** will advance more 
smoothly and actively. Therefore, in Patent Publication table Taira 5-507583, the technique which 
makes an electrode catalyst bed the thing in the condition that catalyst support carbon was distributed by 
the proton conductivity ionomer is proposed in order to attain increase and equalization of this interface. 
In addition, a proton conductivity ionomer does not become the polyelectrolyte solution (Nafion 
solution: Nafion trade name of U.S. Du Pont) which demonstrates selection transparency of the 
hydrogen ion which is the same function as the solid-state polyelectrolyte film outside. 
[0007] The paste for electrode catalyst bed formation with which catalyst support carbon was distributed 
by the polyelectrolyte solution is used for formation of this electrode catalyst bed. That is, the electrode 
catalyst bed which stuck the sheet which carried out film shaping, and which applied this paste for 
electrode catalyst bed formation to the solid-state polyelectrolyte film directly, or was obtained from the 
paste to the solid-state polyelectrolyte film by pressing in the solid-state polyelectrolyte film is formed. 
Thereby, since, as for the interface of the catalyst in an electrode catalyst bed, about the solid-state 
polyelectrolyte film and a polyelectrolyte are also formed, increase and equalization of an interface are 
attained. 
[0008] 

[Problem(s) to be Solved by the Invention] The diffuse transmission of reactant gas and electric 
conduction of a hydrogen ion are indispensable. [ in / besides equalization of the increase of the 
interface of a catalyst / in / in above-mentioned carrying out smoothly and the above-mentioned activity 
of ** and ** of a reaction / an electrode catalyst bed / or interface formation in an anode and a cathode / 
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an electrode catalyst bed ] However, in the fuel cell proposed in the above-mentioned official report, 
since catalyst support carbon is distributed on the average by the polyelectrolyte in the electrode catalyst 
bed, the following troubles are pointed out. 

[0009] At the electrode catalyst bed by which catalyst support carbon was distributed by the 
polyelectrolyte, it is placed between the gaps between adjoining catalyst support carbon by the 
polyelectrolyte, and catalyst support carbon exists in the condition that it was bound with this 
polyelectrolyte. For this reason, if the amount of the polyelectrolyte in an electrode catalyst bed is 
increased, the macromolecule electrolysis mass by which it is placed between the gaps between catalyst 
support carbon will increase. Therefore, the opening between the catalyst support carbon in an electrode 
catalyst bed becomes small, and the diffusional permeability of reactant gas falls. On the other hand, it 
increases, so that the amount of polyelectrolytes of conductivity of the hydrogen ion in an electrode 
catalyst bed increases. On the other hand, if the amount of polyelectrolytes is lessened, while the 
opening between catalyst support carbon will become large and the diffusional permeability of reactant 
gas will increase, the conductivity of a hydrogen ion becomes low. That is, the diffusional permeability 
of reactant gas and the conductivity of a hydrogen ion are properties of being contrary. 
[0010] As catalyst support carbon was described above by the change in the amount of polyelectrolytes 
in the conventional fuel cell currently distributed on the average by the polyelectrolyte in the electrode 
catalyst bed, the diffusional permeability of reactant gas and the conductivity of a hydrogen ion change. 
For this reason, it is difficult to reconcile the diffusional permeability of suitable reactant gas, and the 
conductivity of a hydrogen ion in an electrode catalyst bed, and the room of improvement in the cell 
engine performance is left behind. 

[001 1] Moreover, about the diffusional permeability of reactant gas, a high thing is desirable outside the 
electrode catalyst bed inside (solid-state polyelectrolyte film side) (gas diffusion electrode side) on the 
need of carrying out diffuse transmission of the reactant gas promptly from the inflow part. On the other 
hand, about the conductivity of a hydrogen ion, it is desirable that it is higher than the convenience top 
which makes the solid-state polyelectrolyte film diffuse a hydrogen ion promptly, and a gas diffusion 
electrode side at a solid-state polyelectrolyte film side. However, in the above-mentioned conventional 
fuel cell, the diffusional permeability of reactant gas and the conductivity of a hydrogen ion continue 
outside from the inside of an electrode catalyst bed, and become respectively uniform. For this reason, 
height cannot be attached to the diffusional permeability of reactant gas, and the conductivity of a 
hydrogen ion on the inside and the outside of a layer, but the room of improvement in the cell engine 
performance is left behind also from this point. If it puts in another way, it will continue outside fi-om 
the inside of a layer and the diffusion rate of the reactant gas by the side of a gas diffusion electrode will 
be restrained by the diffusional permeability of uniform reactant gas. On the other hand, the electric 
conduction rate of the hydrogen ion by the side of the solid-state polyelectrolyte film is restrained by the 
conductivity of an uniform hydrogen ion. For this reason, the effectiveness of the catalyst use in an 
electrode catalyst bed is low, and the further improvement in the cell engine performance was checked. 
[0012] It aims at offering the simple manufacture approach of a fuel cell of having the high cell engine 
performance while this invention is made in order to solve the above-mentioned trouble, and it aims at 
further improvement in the cell engine performance. 
[0013] 

[Means for Solving the Problem] The means which the fuel cell according to claim 1 adopted in order to 
attain this purpose The electrode catalyst bed which comes to carry out the laminating of the catalyst 
support is stuck on the solid-state polyelectrolyte film which has the permselectivity of a hydrogen ion. 
It is the fuel cell which this electrode catalyst bed was made to intervene and pinched this solid-state 
polyelectrolyte film with the electrode of the gaseous diffusion nature of a pair. Said electrode catalyst 
bed Come to carry out the laminating of the catalyst support covered with the polyelectrolyte which has 
the permselectivity of a hydrogen ion, and the opening between the catalyst support in said electrode 
catalyst bed Let it be the summary to be made larger than said solid-state polyelectrolyte film side at 
said electrode side by changing SEiid amount of polyelectrolytes which covers said catalyst support along 
the direction of a laminating of said catalyst support. 
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[0014] And the procedure adopted by the manufacture approach according to claim 2 in order to 
manufacture this fuel cell according to claim 1 The preparation process for which the mixed solution of 
said catalyst support and said polyelectrolyte solution, and an volatile organic solvent is prepared, The 
standing process which puts this mixed solution on the environment where extend in the shape of a thin 
film, and said volatile organic solvent does not volatilize, gently [ the time amount to which said catalyst 
support can sediment ], From the mixed solution extended in the shape of [ said ] a thin film, the film 
formation process which forms a thin film through desiccation processing, and the this formed thin film 
so that the film surface of the side which had become a top face at the time of said standing may join to 
the film surface of said solid-state polyelectrolyte film Let it be the sxmunary to have the adhesion 
process stuck to said solid-state polyelectrolyte film. 

[0015] Moreover, the procedxire adopted by the manufacture approach according to claim 3 The 
preparation process for which the mixed solution of said catalyst support and said polyelectrolyte 
solution, and an volatile organic solvent is prepared, A thin film chemically-modified [ which puts this 
mixed solution into the tumbler which is put on the environment where said volatile organic solvent 
does not volatilize, and rotates, exerts a centrifugal force on this intrasion rare **********^ and extends 
this mixed solution in the shape of a thin film ] degree. From the mixed solution extended in the shape 
of [ said ] a thin film, the film formation process which forms a thin film through desiccation processing, 
and the this formed thin film so that the film surface of the side which had tumed into the inside within 
the tumbler at the time of rotation of said tumbler may join to the film surface of said solid-state 
polyelectrolyte film Let it be the summary to have the adhesion process stuck to said solid-state 
polyelectrolyte film. 

[0016] In this case, by the manufacture approach of a fuel cell according to claim 4, it considered as the 
process for which the mixed solution of at least two or more catalyst support from which particle size 
differs a preparation process according to claim 2 or 3, said polyelectrolyte solution, and an volatile 
organic solvent is prepared. 

[0017] Moreover, the procedure separately adopted by the manufacture approach according to claim 5 in 
order to manufacture a fuel cell according to claim 1 The process for which said catalyst support and 
said polyelectrolyte solution, and an volatile organic solvent are mixed, and two or more mixed 
solutions with which said amounts of polyelectrolytes to said catalyst support differ are prepared, this — 
using two or more mixed solutions with the process which forms two or more thin films with which said 
amounts of polyelectrolytes to said catalyst support differ Let it be the summary to have the process 
which carries out the laminating of the two or more formed this thin films to order with many said 
amounts of polyelectrolytes to said catalyst support at said solid-state polyelectrolyte film, 
[0018] Moreover, the means which the fUel cell according to claim 6 adopted in order to attain the 
above-mentioned purpose The electrode catalyst bed which comes to carry out the laminating of the 
catalyst support, and the electrode of gaseous diffusion nature are stuck, and it is the fuel cell which it 
has a pair every. Said electrode catalyst bed Come to carry out the laminating of the catalyst support 
covered with the polyelectrolyte which has the permselectivity of a hydrogen ion, and the opening 
between the catalyst support in said electrode catalyst bed By changing said amount of polyelectrolytes 
which covers said catalyst support along the direction of a laminating of said catalyst support, it is 
enlarged by said electrode side and the electrode catalyst bed of said pair makes it the svunmary to be 
joined so that sides with the small opening between said catalyst support may stick. 
[0019] And the procedure adopted by the manufacture approach according to claim 7 in order to 
manufacture this fuel cell according to claim 6 A preparation process according to claim 2 or 3, and a 
standing process according to claim 2 or one process of the thin film chemically-modified [ according to 
claim 3 ] degrees, A film formation process according to claim 2 or 3 and the process which carries out 
pair preparation of the this formed thin film. In the junction process which is made to stick the film 
surfaces of the side which had become a top face in said standing process at the time of standing about 
the thin film of the prepared this pair, and is joined Let it be the sunmiary to have one junction process 
of the junction processes which are made to stick the film surfaces of the side which had tumed into the 
inside within the tumbler in the thin film of the prepared this pair at the thin film chemically-modified 
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[ said ] degree, and are joined. 

[0020] 

[Function] With the fiiel cell according to claim 1 which has the above-mentioned configuration, the 
laminating of the catalyst support in an electrode catalyst bed is carried out in the condition of having 
been covered with the polyelectrolyte which has the permselectivity of a hydrogen ion. between 
adjoining catalyst support, contact of the poly electrolytes of the circumference of catalyst support cuts. 
By the way, since the amount of polyelectrolytes is changed along the direction of a laminating of 
catalyst support, contact of the polyelectrolytes of the circumference of catalyst support will set, and 
condition will also change along the direction of a laminating of catalyst support. It is reflected in the 
amount of polyelectrolytes which occupies spacing between the catalyst support which condition adjoins 
by on the other hand contact of the polyelectrolytes of the circumference of catalyst support setting. 
Therefore, the amount of polyelectrolytes which occupies spacing between the catalyst support which 
adjoins if there are many amounts of polyelectrolytes also increases, the opening between catalyst 
support becomes small, if there are few amounts of polyelectrolytes, the amount of polyelectrolytes 
which occupies a gap will also decrease and the opening between catalyst support will become large. 
For this reason, in a fuel cell according to claim 1, the opening between the catalyst support in an 
electrode catalyst bed is enlarged by the electrode side from a solid-state polyelectrolyte film side by 
changing the amount of polyelectrolytes, and the diffiisional permeability of reactant gas can be raised 
by the electrode side, and can be made low by the solid-state polyelectrolyte film side. On the other 
hand, about the amount of polyelectrolytes, contrary to the opening between catalyst support, it 
increases more than an electrode side in a solid-state polyelectrolyte film side, and the conductivity of a 
hydrogen ion can be raised by the solid-state polyelectrolyte fibn side, and can be made low by the 
electrode side. 

[0021] By the manufactiire approach according to claim 2, catalyst support is made into the condition of 
having been covered with the polyelectrolyte solution, through distribution of the catalyst support in the 
inside of a mixed solution by passing through a preparation process. Then, catalyst support is made to 
sediment by passing through a standing process in the mixed solution extended in the shape of fibn. By 
this sedimentation, the laminating of the catalyst support is carried out to the bottom side of the mixed 
solution extended in the shape of film. On the other hand, although a polyelectrolyte solution exists 
where catalyst support is covered in the laminating of catalyst support, it exists also as a supernatant of a 
laminating with an organic solvent. 

[0022] Subsequently, catalyst support forms the thin film which comes to carry out a laminating by 
passing through a film formation process. That is, desiccation evaporation of the part for the volatile 
organic solvent in a mixed solution and the solution of a polyelectrolyte solution is carried out between 
processings of desiccation of a film formation process. Thereby, while each catalyst support covered 
with the polyelectrolyte solution is covered with a polyelectrolyte, the thin film this catalyst support 
carried out [ the thin film ] the laminating is formed. In this case, since a polyelectrolyte solution is 
made to exist as a supernatant of the laminating of catalyst support in a standing process, the upper 
catalyst support in a laminating is fiirther covered with the polyelectrolyte of the polyelectrolyte solution 
in this supernatant. That is, in the side which had become a top face at the time of the upper part of the 
laminating of catalyst support, i.e., standing, the amount of polyelectrolytes which covers catalyst 
support increases. Therefore, in the thin film in which catalyst support comes to carry out a laminating, 
in the base side, there are few amounts of polyelectrolytes and the amount of polyelectrolytes increases 
by the top-face side of a thin film. For this reason, by the top-face side (side which had become a top 
face at the time of standing) with many amounts of polyelectrolytes, the opening between small catalyst 
support and the conductivity of a high hydrogen ion are discovered, and the conductivity of the opening 
between the large catalyst support at a base side with few amounts of polyelectrolytes and a low 
hydrogen ion is discovered with this thin film. 

[0023] Then, when it passes through an adhesion process, the thin film top face which the conductivity 
of a hydrogen ion small the opening between catalyst support and high discovered will join to the film 
surface of the soUd-state polyelectrolyte film. The thin fihn base which the opening between catalyst 
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support low the conductivity of a hydrogen ion and big on the other hand discovered will become the 
electrode side of gaseous diffusion nature, if a fuel cell is completed through pinching with the electrode 
of the gaseous diffusion nature of a pair. 

[0024] By the manufacture approach according to claim 3, catalyst support is made into the condition of 
having been covered with the polyelectrolyte solution, by passing through a preparation process. Then, 
by passing through a thin film chemically-modified degree, in a tumbler, a centrifugal force is exerted 
on a mixed solution, and this mixed solution is extended in the shape of film in accordance with a 
container wall. And catalyst support is made to sediment compulsorily according to a centrifugal force 
in the mixed solution extended in the shape of film. By this sedimentation, the laminating of the catalyst 
support is carried out to the bottom side (container wall side) of the mixed solution extended in the 
shape of fihn in the inside of a short time. On the other hand, although a polyelectrolyte solution exists 
where catalyst support is covered in the laminating of catalyst support, it exists also as a supernatant of a 
laminating with an organic solvent. 

[0025] Subsequently, catalyst support forms the thin film which comes to carry out a laminating like the 
manufacture approach according to claim 2 by passing through a film formation process. That is, the 
catalyst support covered by the desiccation evaporation for a solution of the organic solvent between 
processings of desiccation of a film formation process or a polyelectrolyte solution by the 
polyelectrolyte forms the thin film which comes to carry out a laminating. In this case, since a 
polyelectrolyte solution is made to exist in a thin film chemically -modified degree as a supernatant of 
the laminating of catalyst support like a standing process according to claim 2, the amount of 
polyelectrolytes which covers catalyst support is made [ many ] in the upper part of the laminating of 
catalyst support, i.e., the inside within a tumbler. Therefore, in the thin film in which catalyst support 
comes to carry out a laminating, there are few amoimts of polyelectrolytes and the amount of 
polyelectrolytes increases in a top-face side at the base side. For this reason, by the top-face side (inside 
within a tumbler) with many amovmts of polyelectrolytes, the opening between small catalyst support 
and the conductivity of a high hydrogen ion are discovered, and the conductivity of the opening between 
the large catalyst support at a base side with few amounts of polyelectrolytes and a low hydrogen ion is 
discovered with this thin film as well as the manufacture approach according to claim 2. 
[0026] Then, when it passes through an adhesion process, the thin film top face which the conductivity 
of a hydrogen ion small the opening between catalyst support and high discovered will join to the film 
surface of the solid-state polyelectrolyte film. The thin film base which the opening between catalyst 
support low the conductivity of a hydrogen ion and big on the other hand discovered becomes the 
electrode side of gaseous diffusion nature. 

[0027] By the manufacture approach of a fuel cell according to claim 4, we decided to prepare the mixed 
solution which mixed at least two or more catalyst support from which particle size differs in the 
preparation process according to claim 2 or 3. Therefore, in the mixed solution extended in the shape of 
film, catalyst support with a large particle size sediments previously, and it sediments so late that 
particle size is small. For this reason, the laminating of catalyst support serves as a pile of the laminating 
section according to the particle size of catalyst support. And in each laminating section, the openings 
between adjoining catalyst support differ the whole laminating section firom the particle size of catalyst 
support differing. That is, the laminating section in which this rate is large and the laminating section by 
the side of the bottom of a mixed solution separates from a bottom side becomes small. 
[0028] Therefore, by passing through a subsequent process, by the electrode catalyst bed, the opening 
between catalyst support is small at the side joined to the soUd-state polyelectrolyte film, the 
conductivity of a hydrogen ion becomes high, the conductivity of a hydrogen ion is more low at the 
electrode side of gaseous diffusion nature, and the opening between catalyst support becomes large. 
[0029] By the manufacture approach according to claim 5, two or more mixed solutions with which the 
amounts of polyelectrolytes to catalyst support differ are prepared, and two or more thin films with 
which these amounts of polyelectrolytes differ are formed. And the laminating of the two or more thin 
films is carried out to the solid-state polyelectrolyte film at order with many amounts of 
polyelectrolytes. Therefore, since the amount of polyelectrolytes increases as a solid-state 
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polyelectrolyte film side, also by this manufacture approach, in an electrode catalyst bed, the opening 
between catalyst support is small at a solid-state polyelectrolyte film side, the conductivity of a 
hydrogen ion becomes high, the conductivity of a hydrogen ion is more low at the electrode side of 
gaseous diffusion nature, and the opening between catalyst support becomes large. 
[0030] Moreover, even if it is in a fixel cell according to claim 6, by changing the amount of 
polyelectrolytes along the direction of a laminating of catalyst support, like the fiiel cell according to 
claim 1, the opening between the catalyst support in an electrode catalyst bed is enlarged by the 
electrode side, and diffusional permeability of reactant gas is made it is high and low by the electrode 
side in the opposite side. On the other hand, about the amount of polyelectrolytes, with the opening 
between catalyst support, it becomes it is small and large by the electrode side conversely in the opposite 
side and conductivity of a hydrogen ion can be made it is low and high by the electrode side m the 
opposite side. And the electrode catalyst bed of a pair is joined so that sides with the small opening 
between catalyst support, i.e., sides with the conductivity of a hydrogen ion there are many amounts of 
polyelectrolytes and high, may stick. Therefore, the adhesion field of sides where there are many these 
amounts of polyelectrolytes and the conductivity of a hydrogen ion is high fiinctions in a fiiel cell as an 
electi-olyte membrane which has the permselectivity of a hydrogen ion. ■ r 

[0031] By the manufacture approach according to claim 7, catalyst support is made into the condition of 
having been covered with the polyelectrolyte solution, by passing through a preparation process. It is 
passing through a standing process or one process of the thin fihn chemically-modified degrees after 
that, sedimentation of catalyst support is aimed at in the mixed solution extended in the shape of fihn, 
and'the laminating of the catalyst support is carried out to the bottom side of the mixed solution 
extended in the shape of film. On the other hand, a polyelecti-olyte solution is made to exist, where 
catalyst support is covered in the laminating of catalyst support, and is made to exist also as a 
supernatant with an organic solvent on a laminating. 

[0032] Subsequentiy, the catalyst support covered with passing through a film formation process with 
the polyelecti-olyte by the desiccation evaporation for a solution of an organic solvent or a 
polyelecti-olyte solution forms the thin film which comes to carry out a laminating. In this case, since a 
polyelectrolyte solution is made to exist as a supernatant of the laminating of catalyst support m a last 
process, in the upper part of the laminating of catalyst support, the amount of polyelectiolytes which 
covers catalyst support is made [ many ]. Therefore, in the thin fihn in which catalyst support comes to 
carry out a laminating, there are few amounts of polyelectrolytes and the amount of polyelectrolytes 
increases in a top-face side at the base side. For this reason, by tiie top-face side with many amounts of 
polyelectiolytes, the opening between small catalyst support and the conductivity of a high hydrogen ion 
are discovered, and the conductivity of the opening between the large catalyst support at a base side with 
few amounts of polyelectrolytes and a low hydrogen ion is discovered with this thin film. 
[0033] Then, if it passes through one of junction processes, sides with the conductivity of a hydrogen 
ion there are many amounts of polyelectiolytes and high will stick, and the adhesion field will tiim into a 
field which achieves the same fiinction as the solid-state polyelectrolyte film which has the 
permselectivity of a hydrogen ion in a fiiel cell. Moreover, the conductivity of a hydrogen ion has an 
opening between low and big catalyst support, and the side and the opposite side where there are many 
amounts of polyelectrolytes and the conductivity of a hydrogen ion is high stick it the electiode side of 
gaseous diffusion nature. 
[0034] 

[Example] Next, in order to clarify a configuration and an operation of this invention fiirther, the 
suitable example of this invention is explained below. Drawing 1 is the mimetic diagram of the cellular 
structure of the fiiel cell (polymer electrolyte fiiel cell) in this example. 

[0035] The eel is constitiited by the electrolyte membrane 10 which is a fihn-like electirolyte, the cathode 
lateral electrode catalyst bed 12 and the anode lateral electiode catalyst bed 14 stiick to the fihn surface 
of this electrolyte membrane 10, and the catiiode 50 and anode 52 which were stiick to each [ tiiese ] 
electrode catalyst bed so that it may illustrate. 

[0036] An electrolyte membrane 10 is solid-state polyelectiolyte film to a hydrogen ion which has a 
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sulfone radical as an ion exchange group, and penetrates a hydrogen ion alternatively along the direction 
of thickness. When it explains concretely, an electrolyte membrane 10 is solid-state polyelectrolyte film 
(for example, perfluorocarbon-sulfonic-acid poly membrane (trade name: Nafion and product made 
from Du Pont)) produced from fluorine system sulfonic-acid giant-molecule resin, and the thickness is 
about 120 micrometers. 

[0037] The cathode lateral electrode catalyst bed 12 and the anode lateral electrode catalyst bed 14 
intervene between a cathode 50, an anode 52, and an electrolyte membrane 10, and they are passing 
through these hotpresses and it is stuck to them in the film surface of an electrolyte membrane 10, and 
the electrode surface by the side of the electrolyte of each electrode, this cathode lateral electrode 
catalyst bed 12 and the anode lateral electrode catalyst bed 14 — as a catalyst — platinum — 20wt(s)% — 
the supported carbon particle should carry out a laminating and pass the below-mentioned production 
process ~ it is formed. In addition, in drawing 1 , the carbon particle which constitutes the cathode 
lateral electrode catalyst bed 12 and the anode lateral electrode catalyst bed 14 is exaggerated and 
drawn. 

[0038] A cathode 50 and an anode 52 are formed with conductive porous carbon while they have gas 
permeability by porosity, and the porosity is 60 thru/or 80%. Moreover, passage 41 is formed in the 
electrode catalyst bed side corresponding to a cathode 50 and an anode 52, respectively. In addition, this 
cathode 50 and anode 52 also achieve the fimction as a separator to divide the adjoining fuel cell eel 
from it being porous carbon. 

[0039] The fiiel gas with which the fiiel cell of a configuration of having described above was supplied 
when fuel gas (humidification hydrogen gas, oxygen gas) was supplied to each pole from passage 41 
and 43 penetrates a cathode 50 and an anode 52 (diffusion), and results in the cathode lateral electrode 
catalyst bed 12 and the anode lateral electrode catalyst bed 14. And in the electrode catalyst bed 
concerned, the reaction shown in formula ** mentioned above and ** is presented with the fuel gas. 
That is, in an anode 52 side, the reaction of formula ** is presented with the hydrogen ion which the 
hydrogen ion generated by advance of the reaction of formula ** penetrated the electrolyte membrane 
10 in the state of the hydration of H-i- (xH20) (diffusion), and penetrated the film with a cathode 50. In 
addition, this reaction is promoted by the catalysis of the cathode lateral electrode catalyst bed 12 and 
the anode lateral electrode catalyst bed 14, and advances. 

[0040] Next, order is explained later on about the production process of the above-mentioned fuel cell 
(eel). The preparation process which prepares the mixed solution of catalyst support carbon, a 
polyelectrolyte solution, and an volatile organic solvent for the beginning is explained. At this 
preparation process, weighing capacity of the mixed object is carried out as follows first, that is, 
platinum (about Inm of mean diameters) — 20wt(s)% — 10ml weighing capacity of the fluorine system 
sulfonic-acid macromolecule resin solution (solution with which the solid content of the resin concemed 
was blended at 5 wt(s)%) homogeneous as an electrolyte membrane 1 0 is carried out to supported 
catalyst support carbon (about 20nm of mean diameters) Ig. Furthermore, weighing capacity of ethylene 
glycol mono-isopropyl ether and every 5 ml of the isopropanols is carried out as an organic solvent, 
respectively. In addition, not only an organic solvent but other than the aforementioned solvent, 
distribution of carbon is good and should not just have a bad influence on an electrolyte membrane. 
[0041] And the catalyst support carbon, fluorine system sulfonic-acid macromolecule resin solution, and 
organic solvent of only a required amovmt are prepared by this ratio. Subsequently, the prepared catalyst 
support carbon is put into a well-closed container, and ultrasonic distribution of the catalyst support 
carbon is carried out in this well-closed container. In this way, the mixed solution for a preparation 
process being completed and forming an electrode catalyst bed, i.e., the paste for electrode catalyst bed 
formation, is prepared. In this preparation process, catalyst support carbon will be in the condition of it 
having been covered with the fluorine system sulfonic-acid macromolecule resin solution, and having 
distributed in the solution. 

[0042] In this case, various the amoxmts of solutions of the fluorine system sulfonic-acid macromolecule 
resin solution to catalyst support carbon Ig can be changed. However, it is required to be the capacity 
which each catalyst support carbon can cover with the fluorine system sulfonic-acid macromolecule 
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resin in a fluorine system sulfonic-acid macromolecule resin solution. 

[0043] It is desirable to cool beforehand a well-closed container besides raw materials, such as prepared 
catalyst support carbon, on the occasion of this preparation process. Thus, it is because it can prevent 
that an organic solvent steam and the oxygen in air react according to a platinum catalyst if it cools. 
Moreover, or inert gas permutes a well-closed container, the treatment under thin oxygen is also 
effective at the point of preventing the reaction of an organic solvent steam. Furthermore, water, a 
ketone, ester, etc. can add oxygen and the solvent which does not react to extent which does not have a 
bad influence on the rheology property of the paste for electrode catalyst bed formation, and can also be 
mixed to it. In addition, it can change to ultrasonic distribution and the distributed approach using a 
homogenizer, a ball mill, a planetary mill, etc. can also be taken. 

[0044] After that, the following standing processes are performed. That is, a Teflon sheet with a 
thickness of 300 micrometers is first fixed to the top face of the plate maintained horizontally as pre- 
preparation, and a Teflon sheet front face is washed by ethanol. Subsequently, the paste for electrode 
catalyst bed formation of finishing [ the above-mentioned preparation ] is dropped at a Teflon sheet front 
face, the paste for electrode catalyst bed formation is delayed in the shape of a thin film by the 
homogeneity thickness of 200 micrometers with a doctor blade, and paste printed matter is obtained. 
Under the present circumstances, the electrode catalyst bed of the various thickness of catalysts, i.e., the 
various amounts, can be obtained by adjusting the path clearance of a doctor blade. 
[0045] Next, the paste printed matter on a Teflon sheet is laid in a well-closed container, and is put for 
24 hours. If it continues between this standing, the same organic solvent as the organic solvent of the 
paste for electrode catalyst bed formation is enclosed with that maximum vapor tension in the well- 
closed container. Therefore, standing of the paste printed matter will be carried out under the 
environment where the organic solvent of a paste does not volatilize. Between this standing, the catalyst 
support carbon in the paste for electrode catalyst bed formation sediments in paste printed matter. The 
situation of this sedimentation is typically expressed to drawing 2 and drawing 3 . 
[0046] That is, the catalyst support carbon which was being distributed in paste printed matter as shown 
before standing at drawin g 2 sediments between standing, and as shown in drawing 3 , it carries out a 
laminating to the bottom side of paste printed matter. In this case, roughness and fineness extreme in the 
laminating condition of catalyst support carbon are not seen, but the laminating of the catalyst support 
carbon is mostly distributed and carried out to homogeneity. On the other hand, although a fluorine 
system sulfonic-acid giant-molecule resin solution exists where catalyst support carbon is covered in the 
laminating of catalyst support carbon, it exists also as a supernatant of a laminating with an organic 
solvent. In addition, the settling time of 24 hours is sufficient time amount for catalyst support carbon to 
sediment in paste printed matter. 

[0047] Subsequently, after giving paste printed matter to ordinary temperature desiccation, it carries out 
on a vacuum drying at 50 degrees C, and a film formation process is performed. That is, the amount of 
[ an organic solvent and / of a fluorine system sulfonic-acid macromolecule resin solution ] solution 
carries out desiccation evaporation, and they are removed from paste printed matter by this vacuum 
drying. For this reason, while each catalyst support carbon covered with the fluorine system sulfonic- 
acid giant-molecule resin solution by passing through this film formation process is covered with the 
fluorine system sulfonic-acid giant-molecule resin which is a polyelectrolyte, the thin film this catalyst 
support carbon carried out [ the thin film ] the laminating is formed. In this case, since a fluorine system 
sulfonic-acid giant-molecule resin solution exists as a supernatant of the laminating of catalyst support 
carbon in a standing process, the upper catalyst support carbon in a laminating is further covered with 
the fluorine system sulfonic-acid giant-molecule resin of the fluorine system sulfonic-acid giant- 
molecule resin solution in this supernatant. In addition, if it is in the following explanation, fluorine 
system sulfonic-acid macromolecule resin is only called polyelectrolyte. 

[0048] That is, in the side which had become a top face at the time of the upper part of the laminating of 
catalyst support carbon, i.e., standing, the amount of polyelectrolytes which covers catalyst support 
carbon increases. Therefore, in the formed thin film, in the base side, there are few amoxmts of 
polyelectrolytes and the amount of polyelectrolytes increases by the top-face side of a thin film. For this 
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reason, this thin fihn is equipped with the opening between small catalyst support carbon, and the 
conductivity of a high hydrogen ion by the film top-face side with many amounts of polyelectrolytes. On 
the other hand, the amount of polyelectrolytes will be equipped with the opening between large catalyst 
support carbon, and the conductivity of a low hydrogen ion by few bases side. 

[0049] After that, the fiiel cell (eel) was completed as follows. First, the hotpress (126 degree-CxlOO 
kg/cm2) of the paste printed matter after a vacuum drying is carried out to both the film surfaces of an 
electrolyte membrane 10 in piles the whole Teflon sheet, and a Teflon sheet is removed after this 
hotpress. Subsequently, where this electrolyte membrane 10 is pinched with a cathode 50 and an anode 
52, the hotpress (126 degree-CxlOO kg/cm2) was carried out fiirther. While the cathode lateral electrode 
catalyst bed 12 and the anode lateral electrode catalyst bed 14 are formed from the paste for electrode 
catalyst bed formation through each above-mentioned process, the fiiel cell (eel) which has a two- 
electrodes catalyst bed is completed. In addition, a Teflon sheet may be removed in advance of a 
hotpress, paste printed matter may be put on both the film surfaces of an electrolyte membrane 10, and a 
hotpress may be carried out where the both sides are fiirther pinched with a cathode 50 and an anode 52. 
[0050] In this way, the cathode lateral electrode catalyst bed 12 is taken for an example, and the 
situation of the existence of the catalyst support carbon in the cathode lateral electrode catalyst bed 12 
and the anode lateral electrode catalyst bed 14 which were formed, and a poly electrolyte is explained 
with drawing. 

[0051] As the cathode lateral electrode catalyst bed 12 is shown in drawing 4 expressed typically, each 
catalyst support carbon is covered with the poly electrolyte. However, there are many amounts [ few ] of 
polyelectrolyte covering at an electrolyte membrane 10 side per catalyst support carbon at a cathode 50 
side. There are many amounts [ few ] of mediation at an electrolyte membrane 10 side to which it is 
placed between the gaps between the catalyst support carbon which adjoins on the other hand by the 
polyelectrolyte at a cathode 50 side. For this reason, the opening between the catalyst support carbon as 
an electrode catalyst bed is [ in a cathode 50 side ] greatly small at an electrolyte membrane 10 side. 
Therefore, difftision of the hydrogen ion from the film surface of an electrolyte membrane 10 to the 
cathode lateral electrode catalyst bed 12 is promptly performed from there being many amounts of 
polyelectrolytes by the electrolyte membrane 10 side of the cathode lateral electrode catalyst bed 12. 
And diffiise transmission of the reactant gas (oxygen gas) from the cathode 50 to the cathode lateral 
electrode catalyst bed 12 is promptly performed from the opening between catalyst support carbon being 
large by the cathode 50 side of the cathode lateral electrode catalyst bed 12. 

[0052] For this reason, according to the cathode lateral electrode catalyst bed 12 and the anode lateral 
electrode catalyst bed 14, the conductivity of the hydrogen ion to an electrolyte membrane 10 can be 
raised from an electrolyte membrane 10. On the other hand, in a cathode 50 and anode 52 side, the 
diffusional permeability of the reactant gas from these electrodes can be raised. 
[0053] Therefore, in the fuel cell of this example, in an electrode catalyst bed, the diffusion rate of 
reactant gas can be raised by the cathode 50 and anode 52 side, and an electrolyte membrane 10 side can 
raise the electric conduction rate of a hydrogen ion. Consequently, according to the fiiel cell of this 
example, the use effectiveness of the catalyst in an electrode catalyst bed can be raised, electrode 
reaction can be made more smoothly and active, and the cell engine performance can be improved 
fiirther. 

[0054] Next, the performance evaluation of the fuel cell of this example (the 1st example) which has the 
above-mentioned cathode lateral electrode catalyst bed 12 and the anode lateral electrode catalyst bed 14 
is explained. Although the example fiiel cell of a comparison (conventional article) to contrast was 
equipped with the same cell configuration as the above-mentioned example, it skipped the standing 
process and performed formation of the electrode catalyst bed by the side of a cathode and an anode. 
That is, in the example fiiel cell of a comparison, paste printed matter was produced by the homogeneity 
thickness of 200 micrometers with the doctor blade from the same paste for electrode catalyst bed 
formation as the 1st example, the thin film was carried out immediately, and the hotpress was carried out 
to the electrolyte membrane 10. And the I-V property was investigated about both fiael cells. The result 
is shown in Table 1. In addition, the evaluation conditions are as follows. Moreover, the property of the 
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fuel cell in the 2nd thru/or the 6th example mentioned later is also put on this table 1. 
[0055] Electrode-surface product: 144cm2; (12cmxl2cm) 
Cel temperature: 75 degrees C; 

reagent-gas-pressure: — anode; - hydrogen 0.2MPa (2ata) and cathode; air 0,2MPa(2ata); 

The gas humidification approach: The bubbling method (anode water temperature of 90 degrees C, 

cathode water temperature of 80 degrees C); 

rate of gas utiUzation: — anode; — 50% and cathode;20%; 

[0056] 
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[0057] For the numeric value (data) in this table 1, current density is 300 mA/cm2 about the example 
fuel cell of a comparison. The cell voltage value measured at the case was set to 1, and it displayed 
about other fuel cells by the relative value which standardized that measured value with this cell voltage 
value. 

[0058] In the fuel cell of the 1st example, the cell voltage higher than the example fuel cell of a 
comparison about each current density was obtained so that clearly from this table 1 . in especially high 
current density (1500 mA/cm2), discharge is impossible with the example fuel cell of a comparison, and 
cannot be used ~ receiving - the fuel cell of the 1st example - 300 mA/cm2 the case of current density 
— almost — one half — it is — although ~ cell voltage ~ obtaining ~ having had . Therefore, even if it is a 
high current density field in the fuel cell of the 1st example, the use effectiveness of the catalyst in an 
electrode catalyst bed can be maintained, and it is desirable. 

[0059] Moreover, according to the production process of this example, the fuel cell which has the high 
cell engine performance can be manufactured only by taking the simple process of putting paste printed 
matter. 

[0060] Next, sequential explanation is given about other examples (the 2nd thru/or the 6th example). 
[0061] It is different from the 1st example which described above the catalyst support carbon in the 
mixed solution (paste for electrode catalyst bed formation) prepared at the preparation process with the 
point made into the following in the 2nd example, and the fuel cell cellular structure etc. is the same as 
the 1st example. 

[0062] In this 2nd example, it sets at a preparation process. The mixed furnace black which blended the 
2nd supported furnace black (about 40nm of mean diameters) by the ratio of 1 :1 is prepared, platinum of 
about Inm of mean diameters — 20wt(s)% - the 1st furnace black (about 20nm of mean diameters) and 
the platinum of about 2nm of mean diameters which were supported - 20wt(s)% - With the same 
fluorine system sulfonic-acid macromolecule resin solution and same organic solvent as the 1st example, 
the paste for electrode catalyst bed formation was prepared. In this case, the amount of weighing 
capacity of a fluorine system sulfonic-acid macromolecule resin solution and each organic solvent to 
mixed furnace black Ig is the same as that of the 1st example, that is, in this 2nd example, prepare the 
paste for electrode catalyst bed formation which the catalyst support (the 1st and 2nd furnace black) 
which is two kinds firom which particle size differs distributed, and pass the same processes (a standing 
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process, film formation process, etc.) as the 1st example after that — the fuel cell was manufactured. 
[0063] In this case, at the standing process of the 2nd example, in the paste printed matter obtained with 
the paste for electrode catalyst bed formation, the 2nd furnace black with a large particle size sediments 
previously, and the 1 st fiimace black with a small particle size sediments late. For this reason, the 
laminating section of the 2nd fumace black tums on the base side of paste printed matter, and the 
laminating section of the 1st fumace black is piled up on it. And in each laminating section, by the 
laminating section of the 2nd fumace black, the opening of the fumace black which adjoins from the 
particle size of fumace black differing is large, and becomes [ the laminating section of the 1st fumace 
black ] small. 

[0064] And a fluorine system sulfonic-acid macromolecule resin solution exists as a supernatant of the 
laminating of fumace black also in this 2nd example. For this reason, the amount of polyelectrolytes 
which covers fumace black with the laminating section side of the 1st fumace black increases, and the 
amount of polyelectrolytes decreases in the laminating section side of the 2nd fumace black by the side 
of a base. And by passing through a subsequent process, the laminating section of the 1st fumace black 
by the side of the top face of paste printed matter sticks to an electrolyte membrane 10, and it sticks to 
the electrode with which the laminating section of the 2nd fumace black by the side of a base 
corresponds. Therefore, the situation of the existence of the 1st and 2nd fumace black in the electrode 
catalyst bed formed in this 2nd example and a polyelectrolyte is as follows. 

[0065] That is, as shown in drawing 5 which takes the cathode lateral electrode catalyst bed 12 for an 
example, and shows it typically, the 1st and 2nd fumace black is covered with the polyelectrolyte. 
However, there are many amounts [ few ] of polyelectrolyte covering at an electrolyte membrane 10 side 
per fumace black at a cathode 50 side. Since many amounts of mediation to which it is placed between 
the gaps between the adjoining fumace black by the polyelectrolyte on the other hand decrease by the 
cathode 50 side in an electrolyte membrane 10 side, they are [ in a cathode 50 side ] greatly small at an 
electrolyte membrane 10 side. [ of the opening between the catalyst support carbon as an electrode 
catalyst bed ] Therefore, diffusion of the hydrogen ion from the fihn surface of an electrolyte membrane 
10 to the cathode lateral electrode catalyst bed 12 is promptly performed from there being many 
amounts of polyelectrolytes by the electrolyte membrane 10 side of the cathode lateral electrode catalyst 
bed 12. And diffuse transmission of the reactant gas (oxygen gas) from the cathode 50 to the cathode 
lateral electrode catalyst bed 12 is promptly performed from the opening between catalyst support 
carbon being large by the cathode 50 side of the cathode lateral electrode catalyst bed 12. 
[0066] For this reason, also by the cathode lateral electrode catalyst bed 12 in the fuel cell of the 2nd 
example, and the anode lateral electrode catalyst bed 14, the diffusion rate of reactant gas can be raised 
by the cathode 50 and anode 52 side, and the electric conduction rate of a hydrogen ion can be raised by 
the electrolyte membrane 10 side. Consequently, also with the fuel cell of this 2nd example, the use 
effectiveness of the catalyst in an electrode catalyst bed can be raised, electrode reaction can be made 
more smoothly and active, and the cell engine performance can be improved further. 
[0067] And while the cell voltage higher than the example fuel cell of a comparison about each current 
density was obtained also by the fuel cell of the 2nd example so that clearly from the data about the fuel 
cell of the 2nd example in Table 1, even if it was a high current density field, the use effectiveness of the 
catalyst in an electrode catalyst bed was maintainable. 

[0068] Moreover, in this 2nd example, although the magnitude of the opening between catalyst support 
carbon particles is changed also by changing the particle size of catalyst support carbon, the particle of 
catalyst support carbon itself is distributed over abbreviation homogeneity. For this reason, as compared 
with the 1st above-mentioned example, the voltage drop in a high current density field can be made 
small. 

[0069] Next, the 3rd example is explained. In this 3rd example, the class of catalyst support used for the 
paste for electrode catalyst bed formation is different from the 2nd above-mentioned example, and the 
fuel cell cellular stracture etc. is already the same as the 1st example of a beam. 

[0070] In this 3rd example, fumace black and acetylene black were used in the preparation process, and 
platinum of about Inm of mean diameters — 20wt(s)% — the fumace black (about 20nm of mean 
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diameters) and the platinum of about 3nm of mean diameters which were supported ~ 20wt(s)% — the 
supported acetylene black (about 40nm of mean diameters) was blended by the ratio of 1:1, and the 
paste for electrode catalyst bed formation was prepared. 

[0071] Also in the standing process of this 3rd example, acetylene black with a large particle size 
sediments previously, and the furnace black with a small particle size sediments late. For this reason, the 
laminating section of acetylene black turns on the base side of paste printed matter, and the laminating 
section of furnace black is piled up on it. And the laminating section of the furnace black by the side of 
the top face of paste printed matter sticks to an electrolyte membrane 10, and it sticks to the electrode 
with which the laminating section of the acetylene black by the side of a base corresponds. Therefore, 
like the 2nd example, by the electrolyte membrane side of an electrode catalyst bed, there are many 
amounts of polyelectrolytes, the opening between catalyst support carbon is small, there are few 
amounts of polyelectrolytes at an electrode side, and the opening between catalyst support carbon 
becomes large. Therefore, also with the fuel cell of the 3rd example, the use effectiveness of the catalyst 
in an electrode catalyst bed can be raised, electrode reaction can be made more smoothly and active, and 
the cell engine performance can be improved further. 

[0072] Moreover, while the cell voltage higher than the example fuel cell of a comparison about each 
current density was obtained also by the fuel cell of the 3rd example so that clearly fi"om the data about 
the fuel cell of the 3rd example in Table 1, even if it was a high current density field, the use 
effectiveness of the catalyst in an electrode catalyst bed was maintainable. 

[0073] In this 3rd example, acetylene black was used for the side stuck to the electrode (a cathode 50, 
anode 52) of an electrode catalyst bed as catalyst support. This acetylene black has hydrophobicity with 
them. [ there are few surface functional groups and big ] Therefore, the fuel cell of the 3rd example can 
give hydrophobicity to the cathode lateral electrode catalyst bed 12 and the anode lateral electrode 
catalyst bed 14 by the electrode side. For this reason, there are the following advantages. 
[0074] When a hydrophilic property with a strong carbon front face is shown, there is an inclination for 
water to tend to collect between a polyelectrolyte and a carbon front face. Although there is 
effectiveness in this gathering the water content of a polyelectrolyte and raising conductivity, 
superfluous moisture and when there is specifically superfluous generation water, the phase of water is 
made to an interface with a polyelectrolyte, and checks the gaseous diffusion to a catalyst. On the 
contrary, when a carbon front face shows hydrophobicity, in an interface with a polyelectrolyte, water 
becomes is hard to be held and it is easy to obtain improvement in gaseous diffusion nature. For this 
reason, in the 3rd example, the flooding in an electrode catalyst bed can be controlled and descent of the 
output voltage in a high current density field can be further made small as compared with the 2nd 
example. 

[0075] Next, the 4th example is explained. It changes to the standing process in the 1st example, and is 
different from the 1st example with this 4th example at the point which took the thin film [ which is 
explained below ] chemically-modified degree, and the presentation of the paste for electrode catalyst 
bed formation in the fuel cell cellular structure etc. and a preparation process is the same as that of the 
1st example. 

[0076] To a thin film chemically-modified [ which was adopted in this 4th example ] degree, a thin film 
is formed using a thin film deposition system from the paste for electrode catalyst bed formation 
prepared at the preparation process in the 1st example. Here, in advance of explanation of a thin film 
chemically-modified degree, the thin film deposition system 20 used for the process concemed is 
explained. 

[0077] As a thin film deposition system 20 is shown in drawing 6 showing the outline configuration, it 
has the tubed tumbler 22 in the air which rotates focusing on a medial axis, and the heater 24 which 
heats the inside of the tubed tumbler 22 is laid under the side attachment wall. Moreover, the Teflon 
sheet 26 with a thickness of 300 micrometers is being fixed to the inner circle wall of the tubed tumbler 
22 along with the peripheral wall. This Teflon sheet 26 can be freely removed to the inner circle wall of 
the tubed tumbler 22, and that front face is washed by ethanol before attachment. Moreover, the organic 
solvent steam and the inlet 28 of the paste for electrode catalyst bed formation are formed in the center 
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of a lower limit of the tubed tumbler 22. On the other hand, the suction opening 30 which attracts the 
inside of the tubed tumbler 22 is formed in the center of upper limit, and this suction opening 30 is 
connected to the vacuum aspirator which is not illustrated. In addition, the upper limit side of the tubed 
tumbler 22 is constituted so that it can open and close. 

[0078] The same organic solvent as the organic solvent of the paste for electrode catalyst bed formation 
is first introduced from an inlet 28, and the inside of the tubed timibler 22 is filled with a thin fihn 
chemically-modified [ using this thin film deposition system 20 ] degree with the organic solvent of 
maximum vapor tension. Thereby, the inside of the tubed tumbler 22 serves as the environment where 
the organic solvent in a paste does not volatilize, even if the paste for electrode catalyst bed formation is 
introduced. And the paste 32 for electrode catalyst bed formation is introduced from an inlet 28, rotating 
this tubed tumbler 22, and the tubed tumbler 22 is rotated for 20 minutes with the rotational speed which 
requires the centrifiigal force of 20G (G is gravitational acceleration). Between rotations of this tubed 
tumbler 22, the paste 32 for electrode catalyst bed formation is delayed in the shape of film along with 
the Teflon sheet 26 of tubed tumbler 22 inner circle wall in response to a centrifugal force. And the 
catalyst support carbon in the paste 32 for electrode catalyst bed formation receives this centrifugal force 
too, and sediments to the Teflon sheet 26 side compulsorily. By this compulsory sedimentation, the 
laminating of the catalyst support carbon is carried out to the Teflon sheet 26 side in the inside of a short 
time, and the revolving-shaft side of the tubed tumbler 22 serves as a supernatant with which a fluorine 
system sulfonic-acid macromolecule resin solution exists. That is, sedimentation of the catalyst support 
carbon in the standing process of the 1st example shown in drawing 3 takes place promptly by the thin 
film chemically-modified [ this ] degree. 

[0079] Then, while continuing rotation of the tubed tumbler 22 and heating the inside of the tubed 
tumbler 22 at 50 degrees C at a heater 24 in the meantime, vacuum suction of the inside of the tubed 
tumbler 22 is carried out through the suction opening 30. That is, the film formation process which has a 
vacuum drying is performed following a thin film chemically-modified [ of the tubed tumbler 22 / which 
is made to carry out high-speed rotation and makes a paste the shape of film ] degree. This thin film 
process is different from the thin film process of the 1st example in that a vacuum drying is performed 
during rotation of the tubed tumbler 22. If this thin film process is followed, it passes through the same 
process as the 1st example. However, on the occasion of adhesion with the electrolyte membrane 10 
which passed through the hotpress, it is stuck to the film surface of the side located during rotation of 
the tubed tumbler 22 at the revolving-shaft side with an electrolyte membrane 10. 
[0080] Therefore, even if it is the fiiel cell of this 4th example, like the 1st example, by the electrolyte 
membrane side of an electrode catalyst bed, there are many amoimts of polyelectrolytes, the opening 
between catalyst support carbon is small, there are few amounts of polyelectrolytes at an electrode side, 
and the opening between catalyst support carbon becomes large. For this reason, also with the fuel cell 
of the 4th example, the use effectiveness of the catalyst in an electrode catalyst bed can be raised, 
electrode reaction can be made more smoothly and active, and the cell engine performance can be 
improved further. 

[0081] Moreover, while the cell voltage higher than the example fiiel cell of a comparison about each 
current density was obtained also by the fiiel cell of this 4th example so that clearly from the data about 
the fuel cell of the 4th example in Table 1, even if it was a high current density field, the use 
effectiveness of the catalyst in an electrode catalyst bed was maintainable. 

[0082] Furthermore, since catalyst support carbon is compulsorily sedimented according to a centrifugal 
force, sedimentation is made to complete to the inside of a short time in this 4th example. Therefore, 
according to the production process of the 4th example, the fuel cell which has the high cell engine 
performance can be manufactured to the inside of a short time only by taking the simple process of 
doing a centrifugal force within the tubed tumbler 22. And since catalyst support carbon is sedimented 
according to a centrifugal force, this sedimentation can be caused, without being influenced by the 
rheology of the difficult paste of preparation. Therefore, preparation of the rheology of a paste becomes 
unnecessary and can attain simplification of a production process. In addition, according to the 
production process of the 4th example, equalization of the thickness of the cathode lateral electrode 
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catalyst bed 12 and the anode lateral electrode catalyst bed 14 can also be attained through equalization 
of the thin film of the paste 32 for electrode catalyst bed formation formed along with the Teflon sheet 
26 of tubed tumbler 22 inner circle wall. Moreover, improvement in the yield of the paste for electrode 
catalyst bed formation can also be aimed at. 

[0083] Next, the fiiel cell of the 5th example is explained. With the fuel cell of this 5th example, it 
differs from the 4th example in the preparation process of that production process the point of preparing 
the paste for electrode catalyst bed formation using a superfluous fluorine system sulfonic-acid 
macromolecule resin solution and a superfluous organic solvent, and in that the electrolyte membrane 10 
as an independent configuration member is not used. 

[0084] that is, the preparation process of this 5th example - platinum (about Inm of mean diameters) 
- 20wt(s)% - 100ml weighing capacity of the propylene glycol is carried out for a fluorine system 
sulfonic-acid macromolecule resin solution (solution with which the solid content of the resin concerned 
was blended at 5wt(s)%) as 150ml and an organic solvent to supported catalyst support carbon (about 
20nm of mean diameters) Ig. And the catalyst support carbon, fluorine system sulfonic-acid 
macromolecule resin solution, and organic solvent of only a required amount were prepared by this 
ratio, and the fluorine system sulfonic-acid macromolecule resin solution prepared the superfluous paste 
for electrode catalyst bed formation. 

[0085] After that, like the 4th example, the film formation process was performed the thin film 
chemically-modified [ using a thin film deposition system 20 ] degree, and the thin film was formed 
from the paste for electrode catalyst bed formation. In this case, to the thin film chemically-modified 
degree, the tubed tumbler 22 was rotated for 120 minutes with the rotational speed which requires the 
centrifiigal force of 30G. In the paste delayed in the shape of film between thin fibn chemically- 
modified degrees, on the laminating of catalyst support carbon, a lot of supematants remained and the 
thin film was formed through the fihn formation process in this 5th example in this condition. In 
addition, in the film formation process, the vacuum drying was performed at 100 degrees C. 
[0086] In this way, even if it is the formed thin film, there are few amounts of polyelectrolytes at the 
Teflon sheet side in the case of a thin film chemically-modified degree, and the opening between 
catalyst support carbon becomes large. Moreover, there are many amounts of polyelectrolytes and the 
opening between catalyst support carbon becomes small as it separates from a Teflon sheet side. And in 
a Teflon sheet and the opposite side (revolving-shaft side of the tubed tumbler 22), the field of only 
fluorine system sulfonic-acid macromolecule resin (the amoimt of polyelectrolytes) is formed on the 
laminating of catalyst support carbon. 

[0087] In the 5th example, a thin fihn chemically-modified degree, the following process is performed, 
after passing through a film formation process. First, two thin films formed from the above-mentioned 
paste for electrode catalyst bed formation through the film formation process are prepared a thin film 
chemically-modified degree. And the field of only a polyelectrolyte is formed in this thin film of two 
sheets, near film surfaces are stuck, and a hotpress (126 degree-CxlOO kg/cm2) is carried out. In this 
way, the electrode catalyst structure which has the electrode catalyst bed in which catalyst support 
carbon carried out the laminating on both sides was obtained. In this electrode catalyst structure, the cast 
film which is about 50 micrometers which the field of only a polyelectrolyte joined was formed in that 
center. After that, removed the Teflon sheet, pinched the electrode catalyst structure with the cathode 50 
and the anode 52, these were made to unify, and the fuel cell was completed. 

[0088] In the fuel cell of this 5 th example, since the cast film which the field of only a polyelectrolyte 
comes to join in the center of the electrode catalyst structure has the thickness of about 50 micrometers, 
this cast film can be used as substitution of an electrolyte membrane 10. And like each above-mentioned 
example, there are few amounts of polyelectrolytes, the opening between catalyst support carbon 
becomes large, by the cast film side, there are many amounts of polyelectrolytes and the opening 
between catalyst support carbon becomes small at an electrode side. Therefore, even if it is the fuel cell 
of this 5th example, like each above-mentioned example, the use effectiveness of the catalyst in an 
electrode catalyst bed can be raised, electrode reaction can be made more smoothly and active, and the 
cell engine performance can be improved further. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/7/2004 



Page 15 of 18 



[0089] In the fuel cell of this 5 th example, since the cast film equivalent to an electrolyte membrane is 
formed in the thin film, the resistance as an electrolyte membrane can be lowered. For this reason, in the 
fuel cell of the 5th example, the fall of the output voltage in a high current density field can be 
controlled fiirther. 

[0090] Moreover, while the cell voltage higher than the example fuel cell of a comparison about each 
current density was obtamed also by the fiiel cell of this 5th example so that clearly from the data about 
the fuel cell of the 5th example in Table 1, even if it was a high current density field, the use 
effectiveness of the catalyst in an electrode catalyst bed was maintainable. 

[0091] Furthermore, in this 5th example, since the cast fihn of the center of the electrode catalyst 
structure is used as substitution of an electrolyte membrane 10, it is not necessary to prepare an 
electrolyte membrane 10 according to an individual. For this reason, in the 5th example, about the 
configuration of a fuel cell and its production process can also be simpUfied. 

[0092] Next, the fuel cell of the 6th example is explained. In the fuel cell of this 6th example, the fuel 
cell cellular structure is the same as the 1st example. However, the cathode lateral electrode catalyst bed 
12 and the anode lateral electrode catalyst bed 14 are different from the 1st example described above at 
the point which is the three-tiered structure in which the 1st - the 3rd catalyst bed carried out the 
laminating, respectively. The fuel cell of the 6th example which has the electrode catalyst bed of such a 
three-tiered structure is manufactured through the following production processes. 
[0093] First, the paste for the 1st catalyst bed formation for forming the 1st catalyst bed is prepared, 
namely, platinum (about Inm of mean diameters) - 20wt(s)% ~ 15ml weighing capacity of the fluorine 
system sulfonic-acid macromolecule resin solution (solution with which the soUd content of the resin 
concerned was blended at 5wt(s)%) is carried out to supported catalyst support carbon (about 20nm of 
mean diameters) Ig. Furthermore, weighing capacity of ethylene glycol mono-isopropyl ether and every 
5ml of the isopropanols is carried out as an organic solvent, respectively. And the paste for the 1st 
catalyst bed formation is prepared through ultrasonic distribution in the well-closed container of these 
raw materials. Similarly, the paste for the 2nd catalyst bed formation and the paste for the 3rd catalyst 
bed formation are prepared. Under the present circumstances, in the paste for the 2nd catalyst bed 
formation, by 10ml and the paste for the 3rd catalyst bed formation, 5ml weighing capacity of the 
fluorine system sulfonic-acid giant-molecule resin solution is carried out to catalyst support carbon Ig to 
catalyst support carbon Ig, and fluorine system sulfonic-acid giant-molecule resin solutions are a paste 
for the 1st catalyst bed formation, and tales doses about an organic solvent. That is, in each paste for 
formation of the 3rd of the 1st - a catalyst bed, the amounts of fluorine system sulfonic-acid 
macromolecule resin solutions to catalyst support carbon differ, and the amount of fluorine system 
sulfonic-acid macromolecule resin solutions decreases in order of the paste for the 1st catalyst bed 
formation, the paste for the 2nd catalyst bed formation, and the paste for the 3rd catalyst bed formation. 
[0094] Next, the paste printed matter of homogeneity thickness is obtained from each paste which 
carried out [ above-mentioned ] preparation with a doctor blade on a Teflon sheet like the 1st example. 
In this case, that thickness was set to 50 micrometers in the paste printed matter from the paste for the 
1st catalyst bed formation, and the paste for the 3rd catalyst bed formation, and it could be 100 
micrometers in the paste printed matter from the paste for the 2nd catalyst bed formation. In this 
obtained paste printed matter, the amount of fluorine system sulfonic-acid macromolecule resin in paste 
printed matter (the amount of poly electrolytes) decreases in the order of the paste for the 1st catalyst bed 
formation, the paste for the 2nd catalyst bed formation, and the paste for the 3rd catalyst bed formation. 
[0095] After that, each obtained paste printed matter is immediately given to ordinary temperature 
desiccation, and it carries out on a vacuum drying at 50 degrees C. The thin fihn the catalyst support 
carbon covered with the fluorine system sulfonic-acid giant-molecule resin which is a polyelectrolyte by 
this carried out [ the thin film ] the laminating is formed, respectively. Subsequently, the lamina.ting of 
each thin fihn is carried out to an electrolyte membrane 10 at order with many amounts of fluorine 
system sulfonic-acid macromolecule resin to catalyst support carbon. That is, the hotpress (126 degree- 
CxlOO kg/cm2) of the thin film formed through paste printed matter fi-om the paste for the 1st catalyst 
bed formation is first stuck and carried out to an electrolyte membrane 10. Next, a Teflon sheet is 
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removed from a thin film [ finishing / this press ], and the hotpress of the thin film [ finishing / 
formation ] is stuck and carried out to the thin film after sheet removal from the paste for the 2nd 
catalyst bed formation. Similarly, the hotpress of the thin film [ finishing / formation ] is stuck and 
carried out to the thin film after sheet removal firom the paste for the 3rd catalyst bed formation. 
[0096] Thereby, each thin film serves as the 1st - the 3rd catalyst bed, and the electrode catalyst bed (the 
cathode lateral electrode catalyst bed 12, anode lateral electrode catalyst bed 14) of the three-tiered 
structure in which these carried out the laminating is formed. And the cathode 50 and the anode 52 were 
pressed in this two-electrodes catalyst bed, these were unified, and the fuel cell (eel) was completed. In 
addition, each above-mentioned thin film is beforehand cut out by electrode size in advance of a 
hotpress. 

[0097] In the fuel cell of this 6th example, the amount of polyelectrolytes has decreased in order of the 
1st, 2nd, and 3rd catalyst bed. Therefore, like each above-mentioned example, by the 1st catalyst bed by 
the side of an electrolyte membrane, there are many amounts of polyelectrolytes, the opening between 
catalyst support carbon is small, there are few amounts of polyelectrolytes at the 3rd catalyst bed by the 
side of an electrode, and the opening between catalyst support carbon becomes large. For this reason, 
also with the fuel cell of the 6th example, the use effectiveness of the catalyst in an electrode catalyst 
bed can be raised, electrode reaction can be made more smoothly and active, and the cell engine 
performance can be improved further. 

[0098] Moreover, while the cell voltage higher than the example fuel cell of a comparison about each 
current density was obtained also by the fuel cell of this 6th example so that clearly from the data about 
the fuel cell of the 6th example in Table 1, even if it was a high current density field, the use 
effectiveness of the catalyst in an electrode catalyst bed was maintainable. 

[0099] Although the example of this invention was explained above, as for this invention, it is needless 
to say that it can carry out in the mode which becomes various in the range which is not limited to such 
an example at all and does not deviate from the summary of this invention. 

[0100] For example, it is good also as the paste for electrode catalyst formation which used the paste for 
electrode catalyst formation used to a thin film chemically-modified [ in the 4th above-mentioned 
example ] degree in the 2nd and 3rd example, i.e., a paste which mixed and distributed different catalyst 
support of particle size. Thus, with constituting, the production time of an electrode catalyst bed, as a 
result a fuel cell can be shortened. 

[0101] Moreover, in the 5th example, by supporting the catalyst support carbon with the mean diameter 
smaller than usual catalyst support carbon (20-40 micrometers of mean diameters) to the paste for 
electrode catalyst formation, for example, a platinum catalyst, you may constitute so that little 
combination of the catalyst support carbon the mean diameter of whose is 1-5 micrometers may be 
carried out. thus, when constituted, to a thin film chemically-modified degree, sedimentation of the 
catalyst support carbon of this detailed particle size is delayed for usual catalyst support carbon, and is 
cut. That is, the catalyst support carbon of detailed particle size is in the process of sedimentation also 
after the completion of sedimentation of usual catalyst support carbon. For this reason, the catalyst 
support carbon of detailed particle size can use the cast film of the center of the electrode catalyst 
structure as the cast film which carried out the little residual. 

[0102] Therefore, even if fuel gas carries out cross leak at the electrode side which coimters fi-om a 
cathode 50 or an anode 52, electrode reaction can be presented with this fuel gas in the electrode catalyst 
structure according to the catalyst in the catalyst support carbon of the detailed particle size in the cast 
film. Therefore, it can avoid that the reaction (reaction of hydrogen and oxygen) of fuel gas occurs by 
the electrode catalyst structure, and the unprepared heat damage of the cast film can be prevented. 
Moreover, this cast film can be made humid with the generation water generated according to electrode 
reaction, and hydrogen ion diffusion of the film concemed is not checked. 

[0103] Moreover, in the 6th example, although the electrode catalyst bed was made into the three-tiered 
structure which carried out the laminating of the 1st, 2nd, and 3rd catalyst bed, it can also be made into 
two-layer structure or the structure of four or more layers. 

[0104] Furthermore, in each above-mentioned example, on the occasion of preparation of the paste for 
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electrode catalyst bed formation, catalyst support carbon was only merely mixed with the fluorine 
system sulfonic-acid macromolecule resin solution (polyelectrolyte solution) to the organic solvent, and 
ultrasonic distribution of these was carried out. However, generally, carbon has hydrophobicity and 
fluorine system sulfonic-acid macromolecule resin has a hydrophilic property by the own sulfone 
radical. For this reason, when ultrasonic distribution is inadequate, catalyst support carbon is condensed 
with carbon with a mutual property, and there is a possibility that it may become inadequate fluorine 
system sulfonic-acid macromolecule resin covering [ of catalyst support carbon ] (polyelectrolyte 
covering). Therefore, in order to aim at positive covering of the catalyst support carbon by the 
polyelectrolyte, as it is the following, it is desirable to prepare the paste for electrode catalyst bed 
formation. 

[0105] For example, the catalyst support carbon which a polyelectrolyte solution is made to mix is used 
as the carbon which the basic functional group combined with the surface aromatic series ring, or it 
considers as the carbon charged in positive charge. Since it is as follows and condensation of catalyst 
support carbon will not occur if it does in this way, positive covering of the catalyst support carbon by 
the polyelectrolyte can be aimed at. 

[0106] With the catalyst support carbon which the basic functional group combined with the surface 
aromatic series ring, the basic functional group combined with the surface aromatic series ring changes 
to a cation in a solution. For this reason, catalyst support carbon of condense [ oppose electrically suit 
and / in a polyelectrolyte solution ] decreases. And since a polyelectrolyte has a negative ion exchange 
group (for example, sulfone radical) to a hydrogen ion (cation), catalyst support carbon pays well on a 
polyelectrolyte and an electrochemistry target. Consequently, each catalyst support carbon is certainly 
covered in the paste for electrode catalyst bed formation prepared using the catalyst support carbon 
which the basic functional group combined with the surface aromatic series ring by the polyelectrolyte. 
[0107] On the other hand, the catalyst support carbon of each other which electrified positive charge is 
electrically repelled with the electrification charge, and condense [ suit and ] decreases. And it pays well 
on the polyelectrolyte and electrochemistry target which have a negative ion exchange group. 
Consequently, even if it is the paste for electrode catalyst bed formation prepared using the catalyst 
support carbon which electrified positive charge, each catalyst support carbon is certainly covered with a 
polyelectrolyte. 

[0108] And if such catalyst support carbon is used, since each catalyst support carbon is certainly 
covered with the polyelectrolyte, through change of the amount of polyelectrolytes, more certainly, 
diffusional permeability of reactant gas will be made in an electrode side, and conductivity of a 
hydrogen ion can be highly made high in an electrolyte membrane side. 

[0109] In addition, what is necessary is just to perform association of the basic functional group to the 
surface aromatic series ring of catalyst support carbon as follows. First, a catalyst support carbon 
particle is heat-treated with a nitric acid (HN03) (heating temperature: about 400 degrees C), and the 
surface aromatic series ring of carbon is nitrated (-N02). Subsequently, using nickel as a reduction 
catalyst, this nitro group (- N02) is returned from hydrogen, and it permutes by the amino group (- 
NH2). In this way, the amino group (- NH2) which is a basic fimctional group is combined with the 
surface aromatic series ring of catalyst support carbon. This amino group (-NH2) is ionized in a solution, 
and changes to a cation (ammonium ion). 

[01 10] Moreover, what is necessary is just to perform electrification of the positive charge to catalyst 
support carbon as follows using the paste preparation equipment 60 shown in drav^ng 7 . First, a 
catalyst support carbon particle is put into the positive charge electrification room 62 of paste 
preparation equipment 60. Here, paste preparation equipment 60 is explained in advance of explanation 
of electrification of positive charge. 

[01 1 1] Paste preparation equipment 60 is equipped with the positive charge electrification room 62 and 
the negative charge electrification room 66 on both sides of a dielectric 64. And if a switch 68 is closed 
by the electrode plates 62a and 66a of each electrification interior of a room, forward and negative 
charge will be built over them in response to the charge of DC power supply 70. The positive charge 
electrification room 62 is sealed and has entry bulb 62b for putting in catalyst support carbon and a 
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fluorine system sulfonic-acid giant-molecule resin solution, and draining valve 62c for discharging an 
enclosure object. 

[0112] After putting catalyst support carbon into the positive charge electrification room 62 from entry 
bulb 62b, a switch 68 is closed and positive charge is covered for electrode plate 62a in the positive 
charge electrification room 62. Thereby, at the positive charge electrification room 62, catalyst support 
carbon is charged in positive charge. 

[0113] In this way, in the condition that catalyst support carbon is charged in positive charge, a 
polyelectrolyte solution and an organic solvent are put in from entry bulb 62b, respectively. And a 
supersonic wave is emitted to the positive charge electrification room 62 fi-om the ultrasonic horn which 
is not illustrated, and a polyelectrolyte solution is made to carry out ultrasonic distribution of the catedyst 
support carbon with which positive charge was charged. 
[0114] 

[Effect of the Invention] As explained in fiill detail above, with claim 1 and the fuel cell according to 
claim 6, the opening between the catalyst support in an electrode catalyst bed was enlarged by the 
electrode side, difFusional permeability of reactant gas was made high by the electrode side, the amount 
of polyelectrolytes was made [ many ] by the electrode and solid-state polyelectrolyte film side of the 
opposite side, and conductivity of a hydrogen ion was made high by the solid-state polyelectrolyte film 
side. Therefore, at an electrode catalyst bed, while the diffusion rate of reactant gas increases by the 
electrode side, the electric conduction rate of a hydrogen ion increases by the electrode and solid-state 
polyelectrolyte film side of the opposite side. Consequently, according to claim 1 and the fuel cell 
according to claim 6, the use effectiveness of the catalyst m an electrode catalyst bed can be raised, 
electrode reaction can be made more smoothly and active, and the cell engine performance can be 
improved further. 

[01 15] Moreover, according to the manufacture approach of claim 2 thru/or claim 5, and a fuel cell 
according to claim 7, the fuel cell which has the high cell engine performance can be manufactured only 
by taking simple processes, such as standing of the prepared mixed solution, a centrifugal operation to a 
mixed solution, or a laminating of two or more thin films. 

[01 16] According to the manufacture approach of a fuel cell according to claim 3, the production time 
can be shortened. 

[01 17] According to the manufacture approach of a fuel cell according to claim 4, the opening between 
catalyst support can be made small, so that the bottom side separates the opening between catalyst 
support from a bottom greatly in the laminating of catalyst support itself. Therefore, in an electrode 
catalyst bed, the conductivity of a hydrogen ion can manufacture a fuel cell with the more high 
diffusional permeability of reactant gas by the electrode side highly more by the solid-state 
polyelectrolyte film side. 

[01 18] In a fuel cell according to claim 6, since the solid-state polyelectrolyte film is not needed, about 
the configuration of a fuel cell and its production process can also be simplified. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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